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COMPONENT NAME: PRESSURE SwiTCH
. CONTRACT NUMBER} AF04(647)-158
) PERIOD COVERED? 1 FEBRUARY ~ 29 FcBRUARY 1460

TecHniICAL DiSCUSSION —~ MEDIUM PRESSURE SwiTCH

THE MEDIUM PRESSURE SWITCH CUALIFICATION TESTS WERE COMPLETED
DURING THIS PEPORTING PERIOD, AND ALL UNITS SUCCESSFULLY PASSED
THESE VERY STRINGENT SERIES OF TESTS, THt tEDIUM PRESSURE
SYWITCHES HAVE, AS A RESULT OF THE QUALIFICATION TESTS, SUCCESS—
FULLY METY ALL OF THE REQUIREMENTS LISTED (N THE DETAIL SPECIF |~
CATION, R&D 158=15, AND HAVE SUCCESSFULLY PASSED THE QUALIFI-
CATION TESY SPECIFICATION REQUIREMENTS OF R&D 15%5-16,

THERE VERE TWO QUESTIONS WHICH AROSE, HOWEVER. BOTH QUESTIONS
PERTAINED TO THE 1000 PSI 45 DEADBAND PRESSURE SWiTCH, SERIAL
NUMBER 46. BECAUSE OF THE PRESS OF TIME, THE TEMPERATURE
COMPENSATION O THIS PRESSURE SWITCH COULD NOT BE SET TO WITHIN
THE TOLERANCE LIMITS DEFINED IN THE SPECIFICATION, AND THE UNIT
WAS SENT THROUGH THE QUALIFICATION TESTS ALTHOUGH IT EXHIBITED
AN OUT=OF=TOLERANCE CONDITION. ALSO OCCURRING ON THIS PRESSURE
SWITCH WAS A FIRSY ACTUAI!ON'SVICKING" WHICH OCCURS AFTER EACH
NAJOR CHANGE IN TEMPERATURE, THIS STICKING OCCURS TO A MINOR
DEGREE ON ALL TEMPERATURE COMPENSATED PRESSURE SWITCHES, AND
BECAUSE OF THE SEVERE COMPENSATION REQUIRED FOR THIS PARTICULAR
SETTING, 18 AGGRAVATED ON THIS UNIT, FREBANK COMPANY BELIEVES
THAT THESE TwO I1TEMS ARE MINOR AND CAN BE READILY SOLVED IN A
PRODUCTION DELIVERY SITUATION ALTHOUGCH THE COMBINATION OF
CIRCUMSTANCES WHICH OCCURRED DURING THE JUALIFICATION PRESSURE
SYITCH ASSEMBLY COMBINED YO PRESENT AN APPARENT PROBLEM.

THE FINAL REPORT 1S NOY BEING COMPLETED, AND, WITH THE RECEIPTY
OF THE TEST DATA FROM THE QUALIFICATION TESTONG. S8HOULD BE
READY FOR PUBLICATION DURINGC THE NEXT REPORTING PERIOD,

THE SPECIFICATIONS AND CRAVINGS FOR THE MEDIUM PRESBURE SWITCH
VERE REVISED AND BROUGHT UP~TO~DATE IN ORDER T0 REFLECT THE
LATEST PERFORMANCE CHARACTERISTICS OF THE FINAL CONF I GURATIONS,

IN ANSVER TO A REQUESY FRONM THE PQOJECY MONITORS, STAINLESS
STEEL COMPOMENTS WERE MADE FOR THE MEDIUN PRESSBURE SWITCH N
ORDER TO PROVIDE COMPATIBILITY WITH EXOTIC PROPELLANTS WHICH
THIS UNIT MAY BEC NEQUIRED T0 lENSE.;
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MANUFACTURE OF BERYLLIUM COPPER ODIAPHRAGMS ALLOWED THE EASY
MANUFACTURE OF EQUIVALENT DIAPHRAGMNS OF 17=7 PH STYAINLESS
STEEL., THE USE OF THIS CORROSION RESISTANT DIAPHRAGM AND A
CORROSION RESISTANY STEEL PORT MAKES THE DIAPHRAGM SUITABLE
FOR OPERATION WITH RED FUMING NITRIC ACID, NITROGEN TETROX!0OE
AND OTHER CORROSIVE PROPELLANTS WITH NO CHANGE IN THE
PERFORMANCE OF THE UNIT OTHER THAN A SLIGHTYT INCREASE IN
COMPONENT WEIGHT,

[M1LEPOSTS == MeEDIUM PRESSURE SwilcCH

THE TERMINATION OF QUALIFICATION TESTING ON THE MEDIUM
PRESSURE SWITCH LEAVYES ONLY THE PRESENTATIOM OF THE FINAL

REPORT, THE DELIVERY OF THE AIR FORCE .UNITS ANO THE SPECIFICATIONS

AND DRAVINGCS YO BE ACCOMPLISHED AS REQUIREMENTS FROM THNE
STATEMENT OF .JORK FROM THIS CONTRACT, [T 1S ANTICIPATED
THAT THESE witL QE ACCOMPLISHED DURING THE NEXT REPORTING
PERIOD.

TecHnicaL DISCUSSION == Low PRESSURE SvITCH

THE DEMONSTPATION TESTS ON THE LOV PRESSURE SWITCH OCCURRED
ODURING 'HIS REPQQTING PERIOO, THE ASSEMALY OF THE DEMONSTRATION
TEST UNITS WAS DELAYED SECAUSE OF SEVERAL "PONLIMS WMICH AROSE.
THE FIRST PROBLEN CONCERNED THE OLATING OF THE MAGNESIUM
ACTUATION SHAFTS. T416 PROBLEM HAD APPARENTLY BEEN SOLYVED
PRIOR TO THE PREDEMONSTRATION TESTS BUT DURING THE ASSEMBLY

OF THE DEMONSTRATION UNITS, THME NICKEL PLATING BLISTERED

UNDER APPLICATION OF SOLOERING HMEAT T0O THE MAGNESIuM SHAFTS,
THE MAGNESIUM SHAFTS VERE REPLACED, AND THE MORE CLOSELY
CONTROLLED PLATING PROCESS ALLOVED THE SOLDERING WITHOUT THE
UNDESIRABLE BLISTERING WHICH HAS PREVIOUSLY OCCURRED.

Tue BERYLLIUM COPPFR DIAPHRAGCMS NADE FOR THE LOVW PRESSURE
SWITCH HAD EXHIBITED SOME SCALING ODURING THE ANNEALING REQUIRED
FOR FORMATION, PREVIOUS ATYEMPTS AT REMOVING THIS SCALING

BY EYCHING, VAPOR HONING, €ETCae, NAD BEEN UNSUCCESSFUL. A

TUMBL INC PROCESS TO REMOVE HEAY TREAT SCALE wWAS DEVELOPED.

THIS PROCESS CONTAINED NO ACIDS AND ALLOWED THE COMPLETE
CLEANING OF THE DIAPHRAGCHS VWITHOUY DEFORMATION OR DELETERIOUS
CEFFECTS TO THE OI1APHRAGHM CONFIGURATION. THE PLATING PROCESS
ODEVELOPED FOR THE LOW PRESSURE SWITCH DIAPHRAGNMS IS AS FOLLOVS?

e e e e
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(1) Acio cLEanING == 30% NiITRIC ACID SOLUTION, (2) FLaSH
NickeL PLATING, (3) .00006 incH coppER PLATING, (4) .00006
INCH SILVER PLATING, (5) .00006 iNCH GOLD PLATING.,

THE OTHER COMPONENT WHICH CAUSED ASSEMBLY DELAYS WAS THE
BELLEVILLE SPRING VASHERS, THE EXACT CONFIGURATION REQUIRED

OF THE SPRING MEMBERS HAS REBULTED IN HIGH SCRAP RATIOS,

AND CEXPERIENCE HAS SHOVWN THAT ONLY THE BELLEVILLE SPRINGS

YHICH CORRESPOND EXACTLY YO THE OFTAIL PRINTS WEREZ SATISFACTURY.

THE UNITS ENTERED THE DEMONSTRATION TEST PHASE OF THE PROGRAN
EARLY IN THIS REPORTING PZRIOD, AND WITH MINOR EXCI+TIONS
WERE SUCCESSFULLY COMPLETED. THE FEW PRCALEMS THAT OCCURRED
ARE DESCRISED BELOW!

Proor PrESSUREY DURING PROOF PRESSURE, TWO UNITS EXPERIENCED
INTERNAL ANMD EXTERNAL LEAXKAGE., THESE UNITS WERF LATER FOUND

TO BEZ INCORRECTILY SOLOERED AS THE D1 APHRAGHS HAD NOT BEEN
SUFFICIENTLY TINNED. THIS FROBLEY VA3 SOLVED OY AN INCREASE

IN THE TORQUE USED TO CLAMP THE DIAPHRACH BETWEEN THC DODY AND
INLET PORT AND BY A CAREFUL TINNING OF THE ODIAPHRAGM PERIPHERY,

TEMPERATURE COMPENSATIONS A TEMPERATURE COMPENSATION OBTAINED
VITH THE DEMONSTRATION UNITS WAS NARGINAL IN THAT THE PRESSURE
SYITCH 1S SENSITIVE TO THE TEMPERATURE GRADIENT THAT OCCURS
VITH THE PRESSURIZATION OF THE INLET PORT WITH LIJUID OXYGEN
At =B300°F wHILE THE PRESSURE SWITCH BODY 1S EXPO3ED TO AN
AMBIENT TEMPERATURE oF TOF (Roou AMBIENT TEMPERATURE) oR 200°F.
THE BELLEVILLE SPRINGS USED FOR THE DEMONSTRATION PRESSURE
SYITCHES VERE MARGINAL (N THICKNESS, H/T RATIO AND HEAT TREAT,
AND, A8 A RESULT, COULDO NOT BE TEMPERATURE COMNPENSATED EXACTLY
AS IS THEORETICALLY POSSIOLE., THE BELLEVILLE SPRINGS ORODERED
FOR THE QUALIFICATION AND AIR FORCE DELIVERY LOVW PRESSURE
SYITCHES WiILL BE MADE TO THE EXACT REQUIREMENTS OF THE
DRAWING,

icing Testrs: THERE WERE NO PROBLENS FOUND IN TME I1CING SERIES
OF TZS8TS,

HUMIDITYS NO PROBLEMS OCCURRARED.
DigrLecTrics NO PROBLEMNS,
ACCELERATIONE A DECRECASE IN INCRCASING PRESSURE SETTING VAS

NOTED DURING ACCELERATION TESTS. TMESE CHANGES IN SETTING
WERE BEVOND THOSE ALLOVED 8Y TME SPECIFICATION] HOVEVER, TME




PR gy s

A i o —se— ot ot it

~ REVISION Dartt

FREBANK 7 COMPANY [~ o

GLENDALE /¥ CALIFORNIA |ear 4

INSTRUMENTATION ON THE ACCELERATION TESY FIXTURE 1S SUSPECT,
AND 17 (S BELIEVED THAT THE GASIFICAT)ION WYHICH OCCURRKRED,
ESPECIALLY '8 TKHT LOW PRESSURE RANGE, WAS SUTFIC:'ENT TO DISRUPTY
THE PRESSURE MONITORING, i

VIBRATIONS O3VWITCH CHATTER WAS FOUND. IN THE . OW DEADBAND PRESSURE
SYITCHES AT 250'S. THIS CHATTER 18 ATTRIBUTABLE T0O TNREE

POS8 110 E REASONS: (1) THE switcH ELEMENT WAS OVERHEAYED DURING
THE 30.CERING ASSEMBLY OF THE PRESSURE SWITCH ==~ A PROBLEM

WHICH PLAGUED THE MEDIUM PRESSURE SVITCH pROGRAN., (2) THE
PRESSURIZATION HOSE ATTACHED T0 THE PRESSBURE SWITCH UNDER TESY
WAS INCRCASING THE G FORCES SENSED BY THE uNiT. (3) THE SwiTCH
ZLEMENT. JBED WCRE UN3ATISFASTIAY AND HAD "ODEADBREAK3".

THE CHATTER WHIGH OCZURRED WAS IN THE RANIE oF 1800 19 2000 cvcLEes
PER SE20ND AND JCCURRED VWHILE TME PRESSURE SWITCUES WERC
PRCSSHAIZLD TO IH% OF ACTUATION PRES3UREZ. THIS VIBRATION
SENSITIVITY IS UNDER INTENSIVE INVESTIGATION,

ALTITUOE: THERE WAS A SETTING SHIFT WITH ALTITUDE FOR ALL
PRCSSURE SWITCHES —— THE SHIFT BEING A MAXIMUN OF 54, Twuis
SETYTING SHIFT PREVIOUSLY MENTIONED IS CAUSED BY THE EFFECTIVE
AREA CHANGE OF THE AMBIENT PRESBURE SENSING DIAP42A3M. THE
REVISED PRESSURE SWITCH TOLERANCES Wil ALLOW THIS SHIFT

T0 OCCUR.

ENDURANCE TusT: Two UNITS FAILED ENDURANCE. Ta4e 100 PSH,
45% DEADBAND PRESSURE SWITCH, SERIAL NUMBER 2, FAILED AY

1000 CYCLES BECAUSE OF EXCESSIVE LEAKAGE -1 3SED THE DIAPHRAGM.
THE 100 PS1, S% DEAORAND UNIT FAILED WHEN THE SWITCH TLEMENT
NORMALLY OPEN CIRCU!T REMAINED 'N THE NORMALLY CLOSED
POSITION, THIS FPAILURE 18 BEING INVESTIGATED,

THE REMAINING PRESBURE SwiTCHES COmMPLETED 20,000 cvcLes or
OPERATION,

LiniTs oF OPERATION: UMDER LINITS OF OPERATION, THE LOW
PARESSURE SWITCH WAS VIBRATION TESTED YO A MAXINUM OF 45(3's.
THE UN1T, SERIAL NUMBER 5, WAS TESTED AT INCREAIING VIBRATION
ACCELERATION LEYZLS 70 40C'S WiTH NO SWITYCH CHATTER BEING
EVIDENT, THIS TESTING, MOVEVER, SHOVED THAT THE ACTUATION
PRESSURT DECREASES wiTH INCRIASING G LEVZL, AND AT 40G's,

THE ACTUATION FRESSURE OECREASES 8Y 16%. AT AN ACCELERATION
LEVEL OF 45G'8, THE UNIT EXHIBITED SVITCH CHATTER DEFINING
THE MAXINUM VIBRATION ACCELERATION REBISTANCE OF THE HIGH
DEADBAND, LOVEST PRESSURE SWITCH,
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THE BURST PRESSURE oF THE LIMITS OF CPERATION PRESSURE SWITCH
TESYED WAS LESS THAN THAT REQUIRED BY. THE SPECIFICATION, THE
CIAPHRAGH PULLED LOOSE AT A PRESSURE CFf 780 FSI, THE EURST
PRESSURE RECUIREMENTSE ARE 1000 PSI minivuM. SUEPSEQUENT
INVESTIGCATION SHOYED THAT ALL OF THE DEMONSTRATION UNITS WERE
NOT SUITABLY TORQUED SO THAT YHE INLET PORT WAE NCT CLAMPING
THE DIAPHRACK TO THE BODOY. THIS REASCH ALSO ALLOVWED THE
LEAKACE VHICH CCCURRED UNDER PROOF PRESSURE.

EnBURANCE TESTING ON SERIAL NUNBER 2 SHOWED THAT THE LINITS
OF CPERATION ON THIS UNIT WERE 21,700 CYCLES —= A MARGIN OF
ONLY 1700 CYCLES OVER THE REQUIRED ENDURANCE LIFE. FAILURE
VAS CHARACTERIZED BY LEAKACE AROUND THE DIAPHRAGM, AND THIS,
AGAIN, IS ATIRIBUTABLE TO AN INSUFFICIENT TIGHTENING OF THE
INLEY PORT OF T HE PRESSBURE SVWITCH BOCY., TME ELECTRICAL
SVITCH KELERMENT ALSO EXHIBITED AN OPEN CIRCU!TY, PROBABLY DUE
TO LEAKAGE PASSED THE DIAPHRAGM INTO TME MECHANISM HOUSING.

THE TEMPERATURE . L I1MI1T8S OF SERIAL NUMBER 5 SEEZMED SATISFACTORY
IN THAT THE PRESSURE SWITCH WAS OPERATED AT +3CO0%F witH NO
DELETERIOUS EFFECTS, THIS SEEMS YO BE THE TEMPERATURE LINIT
BEGAUSE OF THE PLASTIC SVWITCH ELEMENT CASE USED FOR THIS

PRESSURE BVITCH.

Li1riTs OF OPERATION ACCELERATION TESTS SHOW THAT THIS UNIT

1S EXTREVMELY RESISTANT TC LINEAR ACCELERATION., THE UNIT WAS

TESTED TO AN ACCELERATION LEVEL CF O0G'S wWITHOUT DELETERIOUS
EFFECTS. TN!RE WAS, NOVEVER, A SLIGHY RECLCTION IN ACTUATION
PRESSURE WHICH OCCUKRLD. Fi1S REODUCTICN WAS NOT CCNTICERED

SERIQUS,

MILEPOSTS ~— | CY PRESSURE SVITCH

THE ASSEMDBLY AND QUALIFICATION TESTING OF THE LOW PRESSURL
SWITCH CANNOT BE ACCORPLISHED WITHIN THE PRESENT SCHEDULES.
FREBANK CONPANY HAS REGUESTED THAT AN EXTENSION OF TIMNE AND
ADDITIONAL . FUNDS BE GRANTED TO ALLOW THE COMPLETION OF TMIS
PROGRAHM. IT 15 ANTICIPATED THAT THIS FROGRAM CAN BE COMPLETED
WITHIN AN ADDITIONAL EZICHT VwEEKS. '

FREBANK COMPANY
M. D. Femcdfon
Cuizr Encingen




